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ABSTRACT 

We construct a new sample of 32 obscured active galactic nuclei (AGNs) selected from the Second XMM- 
Newton Serendipitous Source Catalogue to investigate their multiwavelength properties in relation to the "scat- 
tering fraction", the ratio of the soft X-ray flux to the absorption-corrected direct emission. The sample covers 
a broad range of the scattering fraction (~'0.1%-10%). A quarter of the 32 AGNs have a very low scattering 
fraction (< 0.5%), which suggests that they are buried in a geometrically thick torus with a very small opening 
angle. We investigate correlations between the scattering fraction and multiwavelength properties. We find that 
AGNs with a small scattering fraction tend to have low [O III] A5007/X-ray luminosity ratios. This result agrees 
with the expectation that the extent of the narrow-line region is small because of the small opening angle of the 
torus. There is no significant correlation between scattering fraction and far-infrared luminosity. This implies 
that a scale height of the torus is not primarily determined by starburst activity. We also compare scattering 
fraction with black hole mass or Eddington ratio and find a weak anti-correlation between the Eddington ratio 
and scattering fraction. This implies that more rapidly growing supermassive black holes tend to have thicker 
tori. 

Subject headings: galaxies: active, galaxies: Seyfert, X-rays: galaxies 



L INTRODUCTION 

Understanding the cosmological evolution of active galactic 
nuclei (AGNs) is an important issue in modern astrophysics 
and is closely related to the evolution of galaxies. One piece 
of evidence for "co-evolution" of AGNs and galaxies is the 
strong correlation between a central black hole and its host 
galaxy (e.g., Magorrian et al. 1998; Marconi & Hunt 2003). 
In an early stage of galaxy evolution, the nuclear region may 
be hidden behind rich gas, which leads to active star forma- 
tion. Indeed recent models predict that the central black holes 
in all galaxies experience a heavily obscured phase (Hopkins 
et al. 2006, 2008). Therefore, investigating obscured AGNs is 
of significant interest to study the co-evolution of black holes 
and galaxies. Moreover, previous observations have shown 
that obscured AGNs are a major population of the AGN. Fi- 
nally, obscured AGN are predicted to be the main contribu- 
tors to the unexplained cosmic X-ray background (CXB) in 
the hard X-rays (Comastri et al. 1995; Ueda et al. 2003; GilH 
et al. 2007). Thus, obscured AGN population is a key class to 
understand the overall AGN population, AGN evolution, and 
relationship between black holes and their hosts. 

According to a unified model of the AGN, obscuring matter 
referred to as a "torus" is surrounding a supermassive black 
hole and gas photoionized by the AGN is created in the open- 
ing part of the torus (Antonucci 1993). If we observe an AGN 
from the torus side, absorbed direct emission from the nucleus 
and emission scattered by the photoionized gas are observed 
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in the X-ray spectra. A scattering fraction is calculated as the 
fraction of the scattered emission with respect to the direct 
emission and reflects the solid angle of the opening part of 
the torus and/or an amount of gas responsible for scattering. 
Suzaku 's follow-up observations of Swift BAT-detected AGNs 
found a new type of AGN with a very small scattering frac- 
tion (< 0.5%; Ueda et al. 2007; Eguchi et al. 2009; Winter 
et al. 2009). Assuming that the amount of scattering medium 
does not differ much from object to object, they would be 
buried in a geometrically thick torus with a small opening an- 
gle. Noguchi et al. (2009) found several buried AGN can- 
didates with a very small scattering fraction from the Second 
XMM-Newton Serendipitous Source Catalogue (2XMM) us- 
ing hardness ratios (HRs) and showed that such type of AGNs 
tend to have a low relative [O III]A5007 luminosity compared 
to the intrinsic X-ray luminosity. This implies that the AGN 
with a small scattering fraction could constitute the main class 
of optically elusive obscured AGNs. 

In this paper, we construct a new sample of obscured AGNs 
covering a broad range of scattering fractions from 2XMM 
Catalogue in the same way as Noguchi et al. (2009), and 
investigate multi-wavelength properties of a buried AGN in 
comparison with a classical type of AGN having a large scat- 
tering fraction. In Section 2, we describe the selection method 
of a new sample of obscured AGNs that covers a broad range 
of scattering fractions. Our results of X-ray and optical spec- 
tral analysis are briefly presented in Section 3, and their multi- 
wavelength properties are discussed in Section 4. Finally, we 
summarize our results in Section 5. We adopt (Hq, Jim, = 
(70 km s"'Mpc~', 0.3, 0.7) throughout this paper. 

2. SAMPLE SELECTION 

We used the 2XMM Catalogue produced by the XMM- 
Newton Survey Science Centre, which contains ^250,000 de- 
tections drawn from ^^3500 XMM-Newton EPIC observations 
made between 2000 and 2007 (Watson et al. 2009). The me- 
dian flux in the full energy band (0.2-12 keV) is -2.5 x lO"'"* 
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erg cm ^ s ' , and about 20% of the sources have total fluxes 
below 1 X 10"''* erg cm"^ s"' . 

We derived a sample that covers a wide range of scattering 
fractions (--0. 1 %-10%) from the 2XMM Catalogue using the 
HRs in the same way as Noguchi et al. (2009) as briefly sum- 
marized below. We used HRs defined as 

, CR(2 .0 - 4.5 ke V) - CR( 1 .0 - 2 .0 keV) 

HR3 = 

CR(2.0-4.5keV) + CR(1.0-2.0keV) 

and 

un. CR(4.5-12keV)-CR(2.0-4.5keV) 

HR4 = , 

CR(4.5-12keV) + CR(2.0-4.5keV)' 

where CR(1.0-2.0 keV), CR(2.0-4.5 keV), and CR(4.5-12 
keV) are count rates in the 1.0-2.0, 2.0-4.5, and 4.5-12 keV 
bands, respectively. Only 4627 sources, which have count rate 
for EPIC-pn in 0.2-12 keV > 0.05 counts s"', high Galactic 
latitude {\b\ > 20°), and error of HRs < 0.2 at a 90% confi- 
dence level, were targeted in this selection. The values and 
errors of HR3 and HR4 given in the 2XMM Catalogue were 
calculated using count rates measured by the eml detect 
task in the XMM-Newton Science Analysis System (SAS). In 
Figure [T] their HR3 and HR4 are plotted. The five solid lines 
represent the scattering fractions of 10%, 5%, 3%, 1%, and 
0.5% from inside to outside. The three dashed lines corre- 
spond to objects with log A^h (cm~^) = 23, 23.5, and 24 from 
lower right to upper left. In calculating these lines, we as- 
sumed an intrinsic spectrum of a power law with a photon 
index of 1.9. The details on how to draw these lines are de- 
scribed in Noguchi et al. (2009). Based on the solid line for 
10% and dashed lines for log A^h = 23 and 24, we selected 
objects as shown by circles in this figure as our sample for 
which log A^H and scattering fraction (/scat) are in the range 
23-24 and less than 10%, respectively. 

We excluded low-luminosity AGNs with the intrinsic 2-10 
keV luminosity lower than 10"*' erg s"' and Compton-thick 
AGNs with column densities of log A^e > 1.5x10^"* cm"^ 
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Fig. 1. — Distribution of hardness ratio (HR) for the 2XMM Catalogue 
sources (crosses). Objects satisfying all of the following conditions are plot- 
ted; count rate in 0.2-12 keV > 0.05 counts s"', \b\ > 20°, and HR error < 
0.2. Data points with circles are analyzed and 32 AGNs were selected as our 
sample from them. Solid lines show the HRs expected for the scattering frac- 
tion of 10, 5, 3, 1, and 0.5% from inside to outside. Dashed lines correspond 
to logA^H of 23, 23.5, and 24 cm"^ from lower right to upper left. 



from our sample because of the following reasons. Soft X- 
rays of low-luminosity AGNs would be contributed by X- 
ray emission from hot gas and discrete sources in their host 
galaxies, and direct emission of Compton-thick AGNs is al- 
most completely blocked below 10 keV. Therefore, scatter- 
ing fractions of these classes of objects cannot be calculated 
correctly. We analyzed X-ray spectra obtained by XMM- 
Newton to identify Compton-thick and low-luminosity AGNs. 
If an X-ray continuum spectrum above 4 keV is fitted by a 
pure reflection component and the equivalent width of Fe- 
Ka with respect to the reflection component is greater than 
1 keV (Matt et al. 1991), we classified such objects as a 
Compton-thick AGN. The absorption corrected 2-10 keV lu- 
minosities were calculated from the best-fit models obtained 
in the same ways as discussed in Section 3.1, and objects 
with the luminosity lower than lO'" erg s"' were regarded 
as a low-luminosity AGN. Objects listed as a Seyfert 1, 1.5 
or a star in NASA/IPAC Extragalactic Database (NED) were 
excluded. Objects with a scattering fraction more than 10%, 
which was calculated from a formula described in Section 4. 1 , 
were also removed from our sample. Furthermore, NGC 1052 
was excluded from the sample because this object shows com- 
plicated spectrum requiring a double partial covering model, 
and a component absorbed by A^h ^ 2 x 10^^ cm"^ is relatively 
strong, which makes it difficult to measure the scattering frac- 
tion. We finally selected 32 objects as members of our sample, 
of which 10 objects are newly selected AGNs and the others 
are included in Noguchi et al. (2009) sample. 

A summary of the newly selected AGNs and their proper- 
ties is found in Table [T] Most of the AGNs in our sample 
are at z < 0. 1 because we assumed z = in the simulation 
of AGN spectra used to calculate the expected hardness ra- 
tios and our sample was selected from bright sources (count 
rate in 0.2-12 keV > 0.05 counts s"'). The Galactic column 
densities are calculated from 21 cm measurements (Kalberla 
et al. 2005) using the nh tool at the NASA's High Energy 
Astrophysics Science Archive Research Center. Since XMM- 
Newton results of some of the objects in our sample have been 
published, references for them are also listed in Table [T] 

3. SPECTRAL ANALYSIS 

3.L X-ray Spectra 

We analyzed X-ray spectra of newly selected sources to 
calculate the scattering fraction. In the current analysis, the 
spectra were grouped to a minimum of 15 counts per bin 
and the minimization technique was used. The quoted 
errors are given at the 90% confidence level for one inter- 
esting parameter (i.e., Ax^ = 2.71). We performed spec- 
tral fits for our sample in the 0.4-10 keV range with vari- 
ous models by using XSPEC version 11.2. First, all spec- 
tra were fitted with a baseline model consisting of absorbed 
and unabsorbed power laws, along with a Gaussian corre- 
sponding to an Fe-Ka line, zpowerlw and zgauss mod- 
els in XSPEC were used to account for the power laws and 
the Gaussian line, respectively. All the components are mod- 
ified by the Galactic absorption. Our baseline model is 
shown as phabs* ( zpowerlw + zphabs* ( zpowerlw 
+ zgauss) ) in XSPEC, where zphabs and phabs are 
models corresponding to photoelectric absorption by cold 
matter at the redshift of the source and in our Galaxy, respec- 
tively. The photon indices (F) of the two power laws were 
linked. 

None of the spectra of the 10 objects were satisfactorily fit- 
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TABLE 1 
Newly Selected AGNs 



IXMM Name 


Other Name 


Class 


Reference^' 


Redshift 


Nu" 


Start Date 


Exposure^ 


Count Rate'' 


Reference^ 












(10^° cm"-) 




(s) 


(counts s"' ) 




2XMM J030030.5-1 12456 


MCG -02-08-039 


Sy2 


1 


0.030 


5.13 


2006 Jan 23 


5335 


0.14 




2XMM J031000.0+170559 


3C 79 


Sy2 


1 


0.256 


8.72 


2004 Feb 14 


9302 


0.035 


3 


2XMM J033336.3-360825 


NGC 1365 


Syl.8 


1 


0.005 


1.34 


2003 Jan 17 


15142 


0.66 


4 


2XMM J085537.7+781324 


NGC 2655 


Sy2 


2 


0.005 


2.18 


2005 Sep 04 


3117 


0.20 


5 


2XMM J 104943.4+583750 


2MASX JI0494334+5837501 






0.115 


0.667 


2005 Oct 10 


21908 


0.044 




2XMM J 1 1 3240.2+52570 1 


Mi-k 176 


Sy2 


1 


0.027 


1.09 


2004 May 02 


9639 


0.053 


6 


2XMM J 134442. 1+5553 12 


Mi-k 273 


Sy2 


1 


0.038 


0.890 


2002 May 07 


18018 


0.067 


7 


2XMM J 135602.7+ 1822 18 


Mik 463 


Sy2 


1 


0.051 


2.03 


2001 Dec 22 


21081 


0.12 


8,9 


2XMM J201657.3-704459 


IC 4970 






0.016 


4.09 


2002 Mar 31 


19129 


0.015 




2XMM J224937.0-191627 


MCG -03-58-007 


Sy2 


1 


0.0315 


2.06 


2005 May 09 


2024 


0.13 





REFERENCES. — ( 1 ) Veron-Cetty & Veion 2006 (2) Ho et al. 1997; (3) Hardcastle et al. 2006; (4) Risaliti et al. 2005; (5) Akylas & Georgantopoulos 2009; (6) Guainazzi et 
al. 2005; (7) Balestra et al. 2005; (8) Awaki et al. 2006; (9) Bianchi et al. 2008. 



^ References for optical classification. 

Galactic column density by 21 cm measurement (Kalberla et al. 2005). 

Cleaned exposure of EPlC-pn. 

Count rate in the 0.4-10 keV band. 
^ References for published XMM-Newton results. 

ted with the baseline model. The spectrum of IC 4970 was 
explained by adding another absorption for the less absorbed 
power law to the baseline model. For the other objects, we 
used a complex model, in which an optically thin thermal 
plasma model (mekal model in XSPEC; Mewe et al. 1985, 
Kaastra. 1992, Liedahl et al. 1995) and/or a Compton re- 
flection model (pexrav model in XSPEC) were added to the 
baseline model. For the mekal model, the abundance was 
fixed at 0.5 solar, where the solar abundance table by Anders 
and Grevesse (1989) was assumed. For the pexrav model, 
the inclination angle of the reflector and the high-energy cut- 
off of the incident power law were fixed at 60° (0° corre- 
sponds to face-on) and at 300 keV, respectively. The solar 
abundance table by Anders & Grevesse (1989) was assumed. 
rel_ref 1 parameter was set to -1 to produce a reflection 
component only. The normalization and the photon index of 
pexrav were assumed to be the same as that of the heav- 
ily absorbed power law. Since the reflection component of 
NGC 1365 required further absorption, we applied a zphabs 
model to the pexrav model. Furthermore, if needed, we 
added another mekal component and/or Gaussian lines as 
many as required to model the soft part of the spectrum. 

Table |2] shows the best-fit models. The spectra with the 
models are shown in Figure |2] The spectral parameters for 
the models are summarized in Tables [3]-[5] F were distributed 
between ~ 1 .5 and 2.0, which is the range of values for Seyfert 
2s (Smith & Done 1996), although we fixed the value at 1.9 
for some objects since uncertainties of F became large (> 
20% at the 90% level of confidence for one interesting pa- 
rameter) or F was far from a typical range (about 1.4-2.4), if 
F was left free. The obtained A^h were in the range of 10^^"^"* 
cm"^. We calculated absorption-corrected luminosities for the 
power-law components in 2-10 keV and of soft components 
in 0.5-2 keV using the best-fit model. The 0.5-2 keV lumi- 
nosities were calculated using all the components except for 
the heavily absorbed power law corresponding to direct emis- 
sion. The calculated luminosities are summarized in Tabled 
The luminosities for our sample are in the range of Seyferts 
(-lO^i-^^gj-gg-i)^ 

3.2. Optical Spectra 

Optical spectroscopic observations of four targets in 
our sample, 2MASX J 12544 196-30 19224, IC 4970, 
NGC 7070A, and ESO 383-G18, were performed during sev- 



TABLE 2 

The Best-Fit Models of Newly Selected AGNs 



Name 



Model" 



MCG -02-08-039 
3C 079 
NGC 1365 
NGC 2655 

2MASX J10494334+5837501 
Mrk 176 
Mrk 273 
Mrk 463 
IC 4970 

MCG -03-58-007 



BM + MEKAL + two lines 
BM + MEKAL 

BM + MEKAL + nine lines + abs-Ref 

BM + MEKAL 

BM + two MEKAL + Ref 

BM + MEKAL + abs-Ref 

BM + MEKAL 

BM + MEKAL 

BM* 

BM + two MEKAL 



^ BM: baseline model; PL: power law, MEKAL: thin thermal plasma model 
(mekal), Ref: cold refection model (pexrav), abs-Ref: absorbed ref. All com- 
ponents are absorbed by the Galactic absorption. 
^ Additional absorption was applied to the less absorbed power law. 

eral nights between 2008 August 9 and 1 1 by using the South 
African Astronomical Observatory (SAAO) 1.9 m telescope 
with the Cassegrain spectrograph. The grating six, which has 
a spectral range of about 3500-5300 A at a resolution around 
4 A, was used with ^ 2 arcsec slit placed on the center of each 
galaxy, for a total integration time ranging from 750 to 3600 
s. The data reduction and analysis was made in a standard 
manner with the IRAF package to derive the flux calibrated 
spectra. To obtain the sensitivity curve, we fitted the observed 
spectral energy distribution (SED) of standard stars with low- 
order polynomials. We detected [O III]A5007 as well as Ha 
and H/3 narrow lines from 2MASX J 12544 196-30 19224 and 
ESO 383-G18. Their narrow lines and line intensity ratios in- 
dicate that 2MASX J 12544 196-30 19224 and ESO 383-G18 
are a Seyfert 2 and H II nucleus, respectively. For IC 4970 and 
NGC 7070A, we derived the 90% upper limits on the [O III] 
intensity, based on an estimated rms noise in the continuum 
flux around the corresponding wavelength. The fluxes were 
corrected for the slit loss, estimated from the image extent of 
the target or a nearby point-like source projected onto the spa- 
tial direction. We also analyzed calibrated optical spectrum 
of IC 2461 taken from the Sloan Digital Sky Survey (SDSS) 
Data Release 7. The narrow lines and line intensity ratios in- 
dicate a Seyfert 2. The line fluxes and the spectra of the five 
objects are shown in Table|2]and Figure[3] respectively. 
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Fig. 2. — X-ray spectra (upper panels) and residuals in units of cr {lower panels). Model components are shown witli daslied, dotted, dot-daslied, and triple- 
dot-dashed Unes. 
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Fig. 2. — Continued 
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TABLE 3 

Spectral Parameters for Absorption, Power Law, and Gaussian in the Best-fit Models 



Name 


Nh 
(10^^ cm"^) 


r 


Aim" 


£ii„c 
(keV) 


CT 

(eV) 


EW 
(eV) 






xl(<iof) 


MCG -02-08-039 


33l\l 


l-9(f) 


09+° '"' 


A ^Tc+0.061 


10(f) 


320±200 


0.88±0.54 


2 3n'*°^'''' 


1.12(33) 


3C79 


48!!^ 


l-9(f) 


0o9_o.20 


6.4(f) 


10(f) 


0«110) 


0«0.28) 


1.18±0.34 


0.93(17) 


NGC 1365 


65,3i^ 


2,056±0.018 


IT 4+0-38 
^^■^-0.28 




0«124) 


83±40 


1.7±1.1 


io.09!°-5^ 


1.08(186) 


NGC 2655 


3l!f 


1.9(f) 


1 11+°"° 


6.4(f) 


10(f) 


65«280) 


0.21«0.90) 


, 1Q+0.8S 


0.79(36) 


2MASX J10494334+5837501 


28.9+^* 


1.9(f) 


367+° °" 

"■■'"'-0,062 


6 403'*° 


60«195) 


300!!?° 


36+°^^' 

"•■^°-0.18 


0.40!°:" 


1.14(65) 


Mrkl76 


62.4!^55^ 


1.9(f) 


l-OSl-ol, 


6.4(f) 


10(f) 


200±150 


0.66±0.49 


0.83ti 


1.11(27) 


Mrk273 


Qo+26 




S2+°^^* 


6.4(f) 


10(f) 


240+190 


n /iQ+O-SS 
0.OO-0.44 


.i.uJ_Q28 


1.21(72) 


Mrk463 






1 19+0.46 


6 414+0 040 
/; /1 1 n+0.050 


10(f) 


250±100 


0.70±0.28 


2 2X+0-35 


1.02(136) 


IC 4970 


32111 


1.9(f) 


0.34*?^ 


0«100) 


470±300 


0.47±0.30 


1 n+8:l^ 

l-i^-0.25 


0.65(20) 


MCG -03-58-007 


23,5:^:^ 


1.9(f) 


0.78!°i° 


6.4(f) 


10(f) 


0«480) 


0«1.14) 


1 1.^+0.82 
l.l.i_0,97 


0.68(10) 



Note. — Photon index of the power law with only Galactic absorption was assumed to be the same value as power law absorbed by cold matter at the redshift of 
the source, (f) indicates fixed parameter. 

^ Normalization of the absorbed power law in units of 10~^ photons cm~^ s~' at 1 keV. 



' Normalization of the less absorbed power law in units of 10 photons cm s at 1 keV. 
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TABLE 4 

Spectral Parameters eor MEKAL and the Additional Absorptions in the Best-fit Models 



Additional 

MEKAL" MEKAL" Absoiption 



Name kT AJ" kT Na 

(keV) (keV) (10^' cm"^) 



MCG -02-08-039 


,Q7+0.021 


14.3±3.3 








3C 79 










n /:-l+0.54c 
(^■63-0,45 


NGC 1365 


0.635±0.018 


22.26_Q 






NGC 2655 




9.7±1.4 








2MASX JI0494334+5837501 


n 54+" " 


0.612!g;[^ 


0.081(<0.085) 


28.8+^* 




Mik 176 




1.66!g;« 


0.081«0.095) 


18!|°- 




Mrk 273 


n ^Oi:+fl 083 
0-o95_„o57 


3.00!gJ* 








Mik 463 


0.664±0.043 


4 1 5+0-58 
^•"-0.56 








IC 4970 










13+011'' 

'^■^•^-0.08 


MCG -03-58-007 


0.36_„,„ 


5 7+- 


0.081(<0.11) 


^'^-'-100 





^ Metal abundances were fixed at 0.5 solar. 

^ Normalization of mekal in units of 10~'^/(47r(Z)A X (l+s))") J n^. «h ^V, where Z)a is the angular size distance 
to the source (cm), is the electron density (cm~^), and oh is the hydrogen density (cm~^). 

Absorption for a pexrav model. 

Absorption for a less absorbed power law. 



TABLE 5 

Spectral Parameters for Additional Gaussians in the Best-fit Models 



Name 


£lmc 


a 




Identification 




(keV) 


(eV) 






MCG -02-08-039 


n /1^;-7+0 O23 
0.467_|j„43 


10(f) 


3 5+^ '' 

■'■^-1.7 


N VI Ka, N Vll Kq 




0.959±0.024 


10(f) 


0.70±0.33 


Ne X Kq ?, Ne X Kq ? 



NGC 1365 



0.544±0.014 

I 202+° '"'' 

1.354±0.19 
I si9n+o **5 

1.0Z.U_QQ28 

2.65^ 



c+0.05 
-0.12 
-7+0.037 
-0.039 

7 002+°*"' 
' -^"^-0.050 
Q+0.09 
-0.16 



6.687! 



7.98! 



10(t) 
10(f) 
10(f) 
10(f) 
10(f) 
10(f) 
10(f) 
10(f) 
10(f) 



2.42±0.72 
0.67!l!-?^ 
0.6l!g:» 

0.37±0.16 

0.29±0.17 
o ^;a+0.73 

-2-66_o.74 

-1.48±0.69 
-1.6±1.0 
-1.63 „„= 



O VnKa 
Ne V Lya 
Mg IV Ka 

Si VIII 
S XVI Lya 
Fe XXV Ka 
Fe XXVI Ka 
Fe XXV K/3 
Fe XXVI K0 



NOTE. — (f) indicates fixed parameter. 
' Normalization of the Gaussian line in units of 10"'' photons cm"* 



by AGN emission for most Seyfert 2 galaxies with high- 
quality data (Guainazzi & Bianchi 2007). Therefore, the value 
calculated from the above equation is regarded as an upper 
limit on the scattering fraction. 

We examined the starburst contribution to the soft X-rays 
for our sample using far-infrared luminosities (Lfir). ™d cal- 
culated scattering fractions by subtracting the estimated con- 
tribution. LpiR is often used to estimate starburst activity al- 
though we cannot rule out the contribution of AGNs and host 
galaxies to Lfir- We calculated Lpm for our sample using the 
formula defined in Helou et al. (1985), based on flux densities 
at 60 /im and 100 jim. We collected infrared fluxes (60 jim 
and 100 /im) measured with Infrared Astronomical Satellite 
(IRAS) for 18 of 32 objects from NED. IRAS fluxes for the rest 
of the 14 objects are not available. Observations with upper 
limits were not used. LpiR for our sample is shown in Table 
|6l Ranalli et al. (2003) show that there is a strong correlation 
between LpiR and Lo°5-2 ^^i" starburst and normal galaxies as 
expressed by 



4. DISCUSSION 

4.1. Scattering Fraction 

We first calculated a scattering fraction (fscat) for our sample 
consisting 32 AGNs with the equation 



f scat 



T soft 

^0.5-2 
rint ' 
^0.5-2 



where L^\,_2 and Lo°|'l2 are absorption corrected fluxes in the 
0.5-2 keV band for the absorbed power law and all the com- 
ponents except for the heavily absorbed power law, respec- 
tively. The calculated values are shown in Table |6] Vari- 
ous components other than scattered emission, however, may 
contribute to the soft X-rays in obscured AGNs such as ther- 
mal emission originated from hot plasma collisionally heated 
by starburst activity. In fact, high-resolution images avail- 
able with Chandra show that the soft X-ray emission is dom- 
inated by the starburst component in some cases (NGC 4945, 
Schurch et al. 2002), although the XMM-Newton Reflection 
Grating Spectrometer (RGS) high-resolution spectra show ev- 
idence that the soft X-ray emission appears to be dominated 



logL-t2=logi'FTR-3.70. 

We estimated a 0.5-2 keV luminosity created by starburst 
(Lg^_2) using this correlation and calculated the scattering 
fraction as 



^COIT _ 

Vscat ~ 



T soft 
^0.5-2 " 



-"0.5-2 



-"0.5-2 



The calculated values are shown in Table |6] In Figure |4l f^°^ 
values are compared with /scat- IC 2461, NGC 1365, and Mrk 
273 were not plotted in this figure since the values of L'^^^_2 - 
Lq^_2 are negative. This means that starburst contribution to 
their soft X-rays is substantial. In fact, recent XMM-Newton 
RGS spectra of NGC 1365 show soft X-ray emission domi- 
nated by collisionally ionized plasma (Guainazzi et al. 2009). 
Figure |4] shows a relatively tight correlation between and 
/scat, although the values of /f™ are lower than /cat and the 
scatter for objects with a small /scat is larger than for a large 
/scat- The tight correlation, particularly at large /scat, is consis- 
tent with the idea that the soft X-rays dominated by emission 
from photoionized gas are likely to be a common characteris- 
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TABLE 6 

MULTl-WAVELENGTH PROPERTIES OF OUR SAMPLE 



Name 


Hard" 


Soft'' 


log LpjR 


fmlfis' 


lOSLl'^I.Tr,'' 

& [OIII] 


Ref.' 




Ref.« 




/seal' 


^orrj 

J scat 


AGN in Noguchi et al. (2009) 
























Mrk 348 


43.49 


40.82 


43.49 


1.5 


41.95 


1 


6.7 


12 


0.2 


0.4 


0.4 


3C33 


44.07 


41.55 






42.52 


2 








0.3 




2MASX J02281350-0315023 


43.46 


41.01 
















0.5 




NGC 1142 


43.51 


41.25 


44.77 


8.4 


41.87 


3 


8.2 


12 


-1.3 


0.8 


0.3 


3C 98 


43.01 


41.00 






41.91 


4 








2.0 




B2 0857+39 


44.12 


41.77 
















0.6 




IC 2461 


41.83 


38.93 


43.00 




40.85 


5 








0.2 




2MASX J10335255+0044033 


43.75 


41.77 






43.62 


6 








1.4 




MCG +08-21-065 


42.65 


39.95 


43.51 




39.78 


7 








0.3 


0.1 


NGC 4074 


42.88 


40.88 






42.05 


8 


7.9 


13 


-1.6 


1.4 




NGC 4138 


41.21 


38.88 






38.75 


9 


7.6 


14 


-3.0 


1.2 




NGC 4388 


42.89 


40.63 


43.94 


2.9 


41.77 


I 


7.0 


13 


-0.7 


1.4 


0.8 


NGC 4507 


43.09 


41.19 


43.81 


3.1 


41.69 


1 


7.5 


12 


-1.0 


3.1 


2.9 


ESQ 506-G027 


43.69 


40.58 


43.58 


1.9 


■ ■ ■ ' 










0.2 


0.1 


2MASX J12544196-3019224 


43.07 


41.00 






41.60 


5 








1.4 




NGC 4939 


42.33 


40.31 


43.59 


5.4 


41.43 


1 


7.6 


15 


-1.8 


1.3 


0.8 


ES0 383-G18 


42.60 


40.27 




1.4 


40.36 


5 








1.3 




ESQ 103-G035 


43.33 


40.35 


43.54 


1.0 


41.65 


1 


7.0 


15 


-0.3 


0.1 


0.1 


IC 4995 


41.96 


40.65 


43.40 


2.5 


41.96 


8 


7.1 


13 


-1.8 


8.1 


7.2 


NGC 7070A 


41.75 


39.33 


42.40 








6.8 


14 


-1.7 


0.9 


0.7 


NGC 7172 


43.06 


40.18 


43.77 


7.1 


39.83 


1 


7.5 


12 


-1.1 


0.3 


0.1 


NHP 73 1 Q 


42 96 


40 92 






41 44 




7 2 


13 


—0 9 


1 3 




Newly selected AGN 
























MCG -02-08-039 


42.71 


41.48 




1.1 


41.62 


10 


7.7 


12 


-1.6 


8.2 




3C079 


44.45 


42.69 




2.8 












2.4 




NGC 1365 


42.29 


40.58 


44.53 


6.6 


40.97 


1 








2.1 




NGC 2655 


41.20 


39.99 


42.78 


6.0 


39.91 


9 


7.6 


14 


-3.1 


8.3 


7.2 


2MASX JI0494334+5837501 


43.49 


41.83 
















3.0 




Mrk 176 


42.73 


40.87 


43.96 


3.0 


42.51 


11 


8.0 


13 


-1.9 


1.9 


1.4 


Mrk 273 


42.90 


41.42 


45.53 


9.5 


42.45 


I 


8.1 


12 


-1.8 


7.3 




Mrk 463 


43.18 


41.84 


44.76 


1.4 


42.87 


1 








5.3 


4.4 


IC 4970 


41.71 


39.96 






. . . ' 










2.4 




MCG -03-58-007 


42.70 


41.39 


44.44 


3.0 


41.78 


10 








6.6 


5.1 



REFERENCES. — (1) Bassani et al. 1999; (2) Yee & Oke 1978; (3) Shu et al. 2007; (4) Costeio & Osterbrock 1977; (5) This work; (6) Dong et al. 
2005; (7) Line flux measurement based on the Sloan Digital Sky Survey data at MPAyjHU i http://www.mpa-garching.mpg.de/SDSS/ 1; Kauffmann 
etal. 2003; (8) Polletta et al. 1996; (9) Ho et al. 1997; (10) de Grijp et al. 1992; (1 1) Mulchaey et al. 1994; (12) Garcia-Rissmann et al. 2005; (13) 
Nelson & Whittle 1995; (14) McElroy 1995; (15) Cid Femandes et al. 2004 

^ Logarithm of absorption-conected 2—10 keV luminosity (erg s~^). 

^ Logarithm of absorption-corrected 0.5-2 keV luminosity of soft X-ray components (erg s~^ ). 

60 /j.m to 25 /j.m flux ratio. 
^ Logarithm of [O III] luminosity (erg s~') corrected for reddening using Balmer decrement. 
^ References for [O 111] luminosity. 

^ Logarithm of black hole mass calculated from stellar velocity dispersion. 
^ References for stellar velocity dispersion. 
^ Logarithm of Eddington ratio. 
' Scattering fraction (%). 

^ Scattering fraction coixected for the contribution of starburst (%). 

^ Lower limit (logL[Q\ii,> 43.23 (erg s"')) is given in Landi et al. (2007). 

' [O III] lines are not detected. 



TABLE? 
[O III]A5007, Ha, AND FLUXES 



Name 


[O III] 


Ha 


H/3 


Class 


IC 2461 


4.2 


3.9 


0.50 


Sy2 


2MASX J 1 2544 1 96-30 1 9224 


4.1 


1.9 


0.58 


Sy2 


ES0 383-G18 


14 


6.5 


2.8 


HII 


NGC 7070A 


<1 








IC 4970 


<2 









NOTE. — Fluxes are in units of 10 
a 90% confidence level. 



erg cm s . Upper limits are at 



tic of Seyfert 2 galaxies. Therefore, in the following discus- 
sions, we use /scat since the values can be calculated for all 
objects in our sample. 

From our spectral analysis combined with our previous re- 
sults, we found that /scat for our sample are in the range of 
^0.1%-10%. In particular, those of eight objects are very 
small (< 0.5%) as reported in Noguchi et al. (2009), whereas 
a typical value for Seyfert 2s previously studied is about 3% 



(Bianchi & Guainazzi 2007; Turner et al. 1997). The scat- 
tering fraction is proportional to both the solid angle sub- 
tended by the scattering electrons and a scattering optical 
depth. Thus, such a very small /cat implies that they would 
be a new type of AGN buried in a very geometrically thick 
torus with a small opening angle (Ueda et al. 2007; Winter et 
al. 2008, 2009; Eguchi et al. 2009; Noguchi et al. 2009) on 
the assumption that the optical depth of scatterer is nearly con- 
stant among the objects. Our sample that covers a broad range 
of/scat allows us to investigate properties of buried AGNs with 
a small /scat by comparing with those of a classical type of 
Seyfert 2s with a large /cat- 

4.2. Geometry of Obscuring Material 

Fabian et al. (1998) proposed a model in which low- 
luminosity AGNs were obscured by starburst in the inner 100 
pc of a central massive black hole and suggested that super- 
novae from nuclear starburst input the energy to the circumnu- 
clear gas to create a torus-like structure. This suggestion was 
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Fig. 3.— Optical spectra of IC 2461, 2MASX J12544196-3019224, ESO 383-G18, NGC 7070A, and IC 4970 in the 4500-7500 A wavelength range. 
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Fig. 4. — Compaiison of scattering fractions (/scat) witli con'ected scatter- 
ing fractions (f^°l() calculated by subtracting the starburst contribution esti- 
mated from FIR luminosity. The solid line represents /scat=/™ai'- 



investigated in more detail using three-dimensional hydrody- 
namic simulations (Wada & Norman 2002, 2007). Seyfert 
galaxies with nuclear starburst within a few hundred pc from 
the center were indeed found observationally (Imanishi 2002, 
2003; Rodriguez-Ardila & Viegas 2003). Therefore, nuclear 
starburst is considered as a key factor to keep the shape of a 
torus-like absorber either theoretically or observationally. If 
this is the case, the scale height of the torus would expand 
with an increase of the star-forming activity, and starburst ac- 
tivity in objects with a small /scat should be stronger than those 
in objects with a large /scat. To confirm this expectation, we 
investigated a relation between /scat and LpiR as shown in Fig- 
ure |5] We found no significant correlation between them, in 
contrast to our expectation that there is an anti-correlation. 
This means that the scale height of the torus seems not to be 
primarily determined by starburst activity and there are other 
contributing factors to support the shape of a torus-like ab- 
sorber. 

The absence of a correlation between /scat and LpiR might 
in part be due to a selection bias against infrared luminous 
objects such as ultraluminous infrared galaxies (ULIRGs), 
which have most of their luminosity emerging in the infrared 
with L(8-1000 /im) > 3 x 10^^ erg s"' and contain a substan- 
tially large amount of gas and dust in their nuclei compared 
with classical Seyferts (Sanders & Mirabel 1996). Imanishi 
et al. (2007) found buried AGNs signatures in a significant 
fraction of ULIRGs using Spitzer Infrared Spectrograph even 
though they are optically classified as non-Seyferts, and sug- 
gested that AGNs in ULIRGs are almost fully buried in sur- 
rounding gas and dust, for which /scat~ is expected. In our 
sample, however, only Mrk 273 and Mrk 463 are classified 
as a ULIRG. The paucity of infrared luminous objects in our 
sample is possibly due to our selection criteria since many 
of ULIRGs are heavily obscured by Compton-thick matter > 
10^4 cm-2 (RisaUti et al. 2000; Teng et al. 2009). If we had 
plotted them in Figure |5] they would be located in the up- 
per left portion since they have /cat ~ and are bright in the 
infrared, and the anti-correlation may appear in Figure |5] as 
expected. 
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Fig. 5. — Far infrared luminosity (Lpir) plotted against scattering fraction. 

4.3. Infrared Color 

Warm infrared colors of AGNs are usually explained as 
emission from hot dust in the vicinity of a nucleus. For a 
buried AGN, the cooler component from the outer region of 
the torus dominates, since a geometrically thick torus almost 
covers the center region unless the viewing angle is near face- 
on. Hence, we predict that buried AGNs with a small scatter- 
ing fraction show cooler infrared colors. 60 /im to 25 /im flux 
ratios (/60//25) for our sample are shown in Table |6l Figure 
|6] compares /scat with /60//25 and shows that there is no cor- 
relation between them. This result is inconsistent with above 
prediction. However, this may be explained by the effect of 
the difference of inclination of the torus to our line of sight be- 
cause /(,()/ f25 depends also on the viewing angle (Heisler et al. 
1997). If we view a Seyfert galaxy nearly face-on, the value 
of /60//25 becomes smaller because infrared emission from 
the hot dust near the nucleus can be seen. On the other hand, 
an edge-on view makes fa)lf25 larger since the hot dust is ob- 
scured and cooler component from the outer part dominates. 
Expected infrared SEDs are calculated by several authors for 
smooth (Pier & Krolik 1992, 1993; Granato & Danese 1994) 
and clumpy (Nenkova el al. 2008) distribution of torus. Ac- 
cording to these calculations, objects with small /scat may be 
viewed from a face-on angle, in spite of the fact that their 
absorption column densities along the line of sight is large 
(-]^q23-24 cuj-z-) ^ similar situation is found in Swift BAT- 
selected AGNs (Ueda et al. 2007). If we observe them from 
an edge-on side, their direct emission would be completely 
blocked by Compton-thick matter (:^ 10^^ cm"^). Thus, if 
our results are explained in terms of face-on geometry, this 
implies the existence of a yet to be discovered very Compton- 
thick AGN. 

4.4. Scattering Fraction and [O HI] 

If a scattering fraction reflects the opening angle of the 
torus, objects with a small /scat should have also a small 
narrow-line region (NLR), which is considered to exist in the 
opening region of the torus. We predicted that their [O III] 
A5007 emission luminosities produced in the NLR are weaker 
than those for objects with a large /scat at a given X-ray lu- 
minosity (Ueda et al. 2007; Noguchi et al. 2009). To test 
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Fig. 6. — Infrared color feo/fis plotted against scattering fraction. 

this prediction, Noguchi et al. (2009) compared ratios of red- 
dening corrected [O III] to intrinsic 2-10 keV luminosities 
(LJq iii]/i2-io) for ^ sample of the buried AGN consisting of 
22 objects with a small /scat with those for a large sample of 
Seyfert2s compiled by Bassani et al. (1999), and found that 
there is a clear difference in their distributions, with the buried 
AGNs having smaller ratios of LJq inj/i"-^- This result is in 
good agreement with the above prediction. In this subsection, 
to confirm the result we examine whether there is a similar 
relationship between L{o iii]/^2-io ^^'^ /scat using our sample, 
which covers a broad range of /scat. 

We used [O III] luminosities collected from the literature as 
shown in Table |6] These values are corrected for the extinc- 
tion by using the relation 



r int 

^[O III] 



"[O III] 



Ha/H/3 



(Ha/H/3)o 



2.94 



assuming an intrinsic Balmer decrement (Ha/H/3)o = 3.0, 
where LJ'oni] and Ha/H/3 are an observed [O III] luminosity 
and a ratio between observed Ha and H/3 line fluxes, respec- 
tively (Bassani et al. 1999). The calculated values are shown 
in Table |6] 

In Figure|7] we plot Ljo ni]/^2-io against /scat. As expected, 
we find there is a positive correlation between them. The best- 
fit liner line (dashed line in Figure |7]i is given as 



log 



-[O III] 



-"2-10 



: (0.89 ± 0.43)log/scat - (1 .42 ± 0.23). 



We computed a Spearman's rank correlation coefficient (p) 
and Kendall's rank correlation coefficient (t) to determine a 
level of significance, and found p = 0.62 (p = 0.0011) and 
T = 0.45 (p = 0.0014), where p is null hypothesis probabil- 
ity. This correlation clearly supports the result obtained by 
Noguchi et al. (2009) showing Ljg „i]/4-io for buried AGNs 
tend to be smaller than other Seyfert 2s. Therefore, as sug- 
gested in Noguchi et al. (2009), estimation of intrinsic lumi- 
nosities of buried AGNs based on [O III] luminosities would 
result in large uncertainties, and surveys using optical emis- 
sion lines could be subject to biases against buried AGNs. 
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Fig. 7. — Ratio of intrinsic 2—10 keV to reddening corrected [O III] line 
luminosities plotted against scattering fraction. The dashed line is a linear fit 
to the data. Spearman's and Kendall's rank correlation coefficients are p = 
0.62 (p = 0.001 1) and t = 0.45 (p = 0.0014), respectively. 

4.5. Black Hole Mass and Eddington Ratio 

The black hole mass (Mbh) is one of the most important 
pieces of information to represent properties of an AGN, and 
we compare /scat with Mbh. Black hole masses for our sam- 
ple were estimated from the relation found by Tremaine et al. 
(2002) 



M, 



BH ■ 



JQ8.I3 ^ 



n4.02 



200 km s- 



0: 



where cr* is a stellar velocity dispersion. The values of cr* 
for 16 among 32 objects are collected from the literature as 
shown in Table |6] The black hole masses for our sample are 
in the range 6.7 < log(MBH/M0) < 8.2 (Tabled. In Figure[8l 
we plot Mbh against /cat and found only a hint of very weak 
positive correlation between them {p = 0.36 {p = 0.17) and r 
= 0.25 {p = 0.19)). If this trend is real, it is consistent with an 
X-ray absorption model for a compton-thin AGN described 
in Lamastra et al. (2006), in which a higher black hole mass 
leads to a larger opening angle. 

The Eddington ratio (Lboi/i'Edd) is also an important param- 
eter in studies of accretion and evolution of AGNs. Eddington 
luminosities (LEdd) are calculated from the black hole mass as 
i-Edd=1.26x 1O^^**(Mbh/M0). Bolometric luminosities (Lboi) 



are calculated as Lboi =30xL2-iO' where a typical bolometric 
correction factor for luminous AGNs 30) is applied (Elvis 
et al. 1994; Risaliti & Elvis 2004; Vasudevan & Fabian 2007) 
and L2-10 is an intrinsic luminosity in the 2- 10 keV band. 
We note that [O III] luminosities may not be a good estimator 
of intrinsic luminosities as discussed in Section 4.2, although 
they are often used to derive bolometric luminosities (Heck- 
man et al. 2004). The values of Lboi/i'Edd are in the range 
lO""* < Lboi^Edd < 2. In Figure |9] the Lboi/^Edd ratios ai'e 
plotted against /scat, and we find an anti-correlation between 
them {p = -0.54 (p = 0.032) and r = -0.40 (p = 0.033)). This 
correlation could indicate that buried AGNs are rapidly grow- 
ing compared with AGNs surrounded by the torus with a large 
opening part, /scat could be an indicator of the growing phase 
of black holes and a useful parameter to understand the evo- 
lution of the active nucleus. 
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Fig. 8. — Black hole mass plotted against scattering fraction. The dashed 
line is a linear fit to the data. Spearman's and Kendall's rank correlation 
coefficients are p = 0.36 (p = 0.17) and r = 0.25 (p = 0.19), respectively. 
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Fig. 9. — Eddington ratio plotted against scattering fraction. The dashed 
line is a linear fit to the data. Spearman's and Kendall's rank correlation 
coefficients are p = -0.54 (p = 0.032) and t = -0.40 (p = 0.033), respectively. 

4.6. Host Galaxy 

Studying properties of AGN host galaxies is of particular 
interest to understand a relationship between an AGN and its 
host. We made gri composite images of 12 galaxies in our 
sample, for which imaging data were taken at Kitt Peak (M. 
Koss et al. in preparation) or the SDSS data are available. An 
arcsinh stretch was used as described in Lupton et al. (2004) 
with color scaled by flux, and resulting images are shown in 
Figure [To] 

The morphology of the galaxies spans a wide range includ- 
ing early-type, spiral, and strongly interacting galaxies. The 
inclination of the spiral hosts also ranges from edge-on to 
near face-on. Winter et al. (2009) studied host galaxies of 
^wi/f/BAT-selected AGNs and argued that AGNs with small 
absorption tend to be near face-on, while highly absorbed 
AGNs are found regardless of the incUnation. The absorp- 



tion columns for our sample are large (A^h = 10 cm ), 
and the observed wide variety of the inclination angles of the 
hosts is in agreement with the results obtained by Winter et al. 
(2009). The three objects with the lowest values of /scat (IC 
2461, ESQ 506-G027, and MCGh-08-21 -065) ai-e edge-on 
spirals, while Mrk 348, which has similarly small /scat, re- 
sides in nearly face-on spiral. Thus, the relation between the 
inclination angle of the host and /scat is not clear. 

Four among 12 objects show clear signature of galaxy in- 
teraction (Mrk 176, NGC 1142, Mrk 463, and Mrk 273). 
2MASS J10335255H-0044033 is also possibly interacting. 
Three objects (Mrk 176, Mrk 463, and Mrk 273) show inter- 
mediate to large values of the scattering fractions, while /scat 
for NGC 1142 is 0.8%. The hosts of objects with smafl /scat 
(< 0.5%) are spirals without signature of interaction (IC 2461, 
Mrk 348, ESQ 506-G027, and MCGh-08-21 -065; note that 
signatures of a double nucleus Mrk 348 were found in higher 
resolution HubbleSpaceTelescope (HST) images by Gorjian 
(1995)). Through interactions of galaxies, gas inside galaxies 
could be transported to the central region. Such gas is a can- 
didate for the source of obscuring matter around AGNs. Our 
findings, however, suggest that geometrically thick obscuring 
matter is not directly related to galaxy interaction. 

Galaxy interaction also leads to active star formation in the 
galaxies, and we expect intense soft X-rays from such star- 
burst activity. Therefore, we should note that /scat could be 
overestimated in such systems. Among the objects showing 
interaction, Mrk 463 and Mrk 273 are ULlRGs, and signifi- 
cant starburst activity is likely to be taking place. The compar- 
ison between /scat and /'c°a7 in Section 4. 1 shows that the soft 
X-ray emission in Mrk 273 is indeed dominated by starburst. 
The differences between /cat and /'c°a7 for the other objects 
(Mrk 176, NGC 1142, and Mrk 463) are not very large, and 
the contribution of starburst to the soft X-rays does not alter 
the above discussion. 

5. CONCLUSIONS 

We derived a new sample of obscured AGNs from the 
2XMM Catalogue paying attention to the strength of the scat- 
tered emission. Our sample covers a wide range of scattering 
fractions, which is a fraction of scattered emission with re- 
spect to direct emission and reflects the opening angle of the 
obscuring torus, and allows us to investigate relations between 
geometrical structure around a nucleus (the opening angle of 
the torus) and multiwavelengh properties of AGNs. To calcu- 
late the scattering fractions quantitatively, we analyzed X-ray 
spectra obtained with XMM-Newton and found that our sam- 
ple covers the range /scat^O.1%-10%. Optical spectra of five 
objects were also analyzed. 

We investigated multiwavelength properties for our sample, 
and found the foUowings. 

• There is no significant correlation between a scattering 
fraction and a far-infrared luminosity, though the ab- 
sence of a correlation may be partly due to selection 
biases. This result implies that the energy generated by 
nuclear starburst activity is not a major source of en- 
ergy supply to maintain the torus-like shape of obscur- 
ing matter around the nucleus. There is no significant 
correlation between an infrared color fbolfis and a scat- 
tering fraction. 

• We found that the ratios of extinction-corrected 
[O III]A5007 to intrinsic 2-10 keV luminosities for ob- 
jects with a small scattering fraction tend to be smaller 
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Fig. 10. — gri composite images of galaxies in the sample taken at Kitt Peak from M. Koss et al. (in preparation) and the SDSS. An arcsinh stretch was used 
as described in Lupton et al. 2004 with color scaled by flux. Galaxies are from left to right— first row: IC 2461, Mrk 176, NGC 1 142; second row: Mrk 348, Mrk 
463, Mrk 273; third row: NGC 4138, ESO 506-G027, NGC 4074, MCG +08-21-065; fourth row: NGC 4388, 2MASX J10335255+0044033. 



than those with a large scattering fraction. This result 
is in accordance with our prediction that objects with 
a small opening angle (or a small scattering fraction) 
also have a small amount of narrow line region gas. 
Surveys using optical emission lines could be biased 
against buried AGNs. 

We compared black hole masses and Eddington ratios 
with scattering fractions. The comparison with black 
hole masses showed that there is only a hint of very 



weak correlation. The Eddington ratio of buried AGNs 
tends to be larger for objects with a small scattering 
fraction. The scattering fraction could be a useful pa- 
rameter to study growth and evolution of supermassive 
black holes. 



• We examined optical images of 12 galaxies in our sam- 
ple. No clear relationships between /scat and the incli- 
nation angle or signatures of interaction of the hosts. 



SCATTERED X-RAYS IN OBSCURED AGNs 
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